The spin orbit coupling spin torque consists of the field-like Nanotechnology 9, 211 (2014).] that have been widely studied for applications in magnetic memory. We focus, in this article, not on the spin orbit effect producing the above spin torques, but on its magnifying the damping constant of all field like spin torques. As first order precession leads to second order damping, the Rashba constant is naturally co-opted, producing a magnified field-like damping effect. The Landau-Liftshitz-Gilbert equations are written separately for the local magnetization and the itinerant spin, allowing the progression of magnetization to be self-consistently locked to the spin.
Introduction
In spintronic and magnetic physics, magnetization switching and spin torque The dissipative physics of all field-like magnetic torque terms have been derived in second-order manifestation in a manner introduced by Gilbert in the 1950's. Conventional study of magnetization dynamics is based on a Gilbert damping constant which is incorporated manually into the Landau-Lifshitz-Gilbert (LLG) equation. In this paper, we will focus our attention not so much on the spin-orbit effect producing the SOC spin torque, as on the spin-orbit effect magnifying the damping constant of all field-like spin torques. As field-like spin torques, regardless of origins, generate first-order precession, the Rashba constant will be co-opted into the second-order damping effect, producing a magnified damping constant. On the other hand, conventional incorporation of the dissipative damping physics into the LLG would fail to account for the spin-orbit magnification of the damping strength. It would therefore be necessary to derive the LLG equations from a Hamiltonian which describes electron due to the local FM magnetization( ), and those itinerant ( ) and injected from external parts. We present a set of modified LLG equations for the and the . This will be necessary for a more precise modeling of the trajectory that simultaneously tracks the trajectory. In summary, the two central themes of this paper is our presentation of a self-consistent set of LLG equations under the Rashba SOC and the derivation of the Rashba-magnified damping constant in the second-order dampinglike spin torque.
Theory of Magnified Damping
The system under consideration is a FM/HA hetero-structure with inversion asymmetry provided by the interface. Free electron denoted by , is injected in an in-plane manner into the device. The FM equilibrium electron is denoted by . One considers the external source-drain bias to inject electron of free-electron nature into the FM with kinetic, scattering, magnetic, and spin-orbit energies. The Hamiltonian is
where , have the units of angular momentum i.e. This results in spin becoming coupled to its own time dynamic, producing a spin-orbit second-order damping-like spin torque. The electric field effect is illustrated in Fig.1 below:
Fig.1. Magnetic precession under the effect of electric fields due to inversion asymmetry, self-dynamic of and the spin dynamic of . Projecting to the heterostructure surface, one could visualize the emergence of an induced electric field in the form of in such orientation as to satisfy the law of electromagnetism.
One notes that the LLG equation is normally derived by letting satisfy the physical requirements of spin transport. One example of these requirements is assumed and discussed in REF 1, with definitions contained therein:
where is the unit vector of , and 0 is the spin diffusion constant. Thus = + would be the total spin density that contains, respectively, the equilibrium, the nonequilibrium adiabatic, non-adiabatic, and Rashba field-like terms, i.e. = + +
. One notes that is the equilibrium part of that is aligned to , meaning could exist in the absence of external field and current in the system. The conditions to satisfy are represented explicitly by the equations of: 
24-26].
Here we caution that is restricted to the field-like spin-orbit effect only.
However, in this paper, is defined to satisfy the transport equations in Eq. (4) 
To be consistent with conventional necessity to preserve magnetization norm in the physics of the LLG equation, we will drop the off-diagonal terms which are norm-breaking (nonconservation). This is in order to keep the LLG equation in its conventional norm-conserving form, simplifying physics and calculation therefrom. Nonetheless, the non-conserving parts represent new dynamic physics that can be analysed in the future with techniques other than the familiar LLG equations. The self-consistent pair of spin torque equations in their open forms are:
where = 1 has been applied, is the gyromagnetic ratio, is the susceptibility. For the study of Rashba-magnified damping in this paper, we only need to keep the most relevant term which is = ℏ 0 (1 + −1 ) × . In the phenomenological physics of Gilbert, the first-order precession leads inevitably to the second-order dissipative terms via . , . . But in this paper, the general SOC physics had been expanded as shown in earlier sections, so that the dissipative terms are to naturally arise from such expansion. The advantage of the non-phenomenological approach is that, as said earlier, the Rashba constant will be co-opted into the second-order damping effect, resulting in the magnification of the damping constant associated with all field-like spin torque.
Conclusion
The important result in this paper is that the damping constants have been magnified by the Rashba effect. This would not be possible if the damping constant was incorporated manually by standard means of Gilbert. As the Rashba constant is larger than the vacuum SOC constant as can be deduced from Table 1 and shown below
magnetization dynamics in FM/HA hetero-structure with inversion asymmetry (interface, or bulk) might have to be modelled with the new equations. It is important to remind that all previously measured has had captured in the measured value. But what is needed in our study is the coupling of to a dynamic electric field, and that requires the value of just the coupling strength ( ′ ). As most measurement is carried out for , the exact knowledge of corresponding to a specific will have a direct impact on the actual value of ′ . We will, nonetheless, provide a quick, possibly exaggerated estimate. Noting that = , corresponding to a = 10 10 / , the magnification of works out to 10 4 times in magnitude, which may seem unrealistically strong. The caveat lies in the exact correspondence of to , which remains to be determined experimentally. For example, if an experimentally determined actually corresponds to a much larger , that would mean that ′ = ℏ which magnifies the damping constant through = ′ might actually be much lower than present estimate. Therefore, it is worth remembering, for simplicity sake that actually depends on the ratio of but not . It has also been assumed that couples to , with the same efficiency that it couples to . This is still uncertain as the Rashba constant with respect to , might actually be lower than those values that have been experimentally measured mostly with respect to . Last, we note that as damping constant has been magnified here, and as increasingly high-precision, live monitoring of simultaneous , evolution is no longer redundant in smaller devices, care has been taken to present the LLG equations in the form of a self-consistent pair of dynamic equations involving and . This will be necessary for the accurate modeling of the simultaneous trajectory of both and . 
